Introduction
Structural and diffusion magnetic resonance imaging of the brain during the newborn period contributes to understanding the neural systems that underpin typical and atypical development. Preterm birth is closely associated with injury and / or maldevelopment of cerebral white matter 1 , and with several long-term adverse outcomes including cerebral palsy, neurocognitive impairment, social difficulties and vulnerability to psychiatric disease [2] [3] [4] [5] .
Quantitative parameters derived from diffusion magnetic resonance imaging (dMRI) include fractional anisotropy (FA) and mean diffusivity (MD), which enable inference about the microstructural organisation of brain tissue and white matter tracts 6 . A consistent finding is that FA is decreased and MD is increased in the white matter of preterm infants at term equivalent age [7] [8] [9] [10] .
The corpus callosum (CC) and corticospinal tracts (CST) are of particular interest in the context of developing biomarkers for later neurodevelopmental outcome after preterm birth, because dMRI parameters in these tracts are influenced by gestational age, and their microstructural properties have been associated with later function [11] [12] [13] .
Two widely used methods to measure dMRI parameters in these tracts include region-of-interest (ROI) analysis and tractography, but the agreement of values obtained using these methods is uncertain; for example, ROI measures show an inconsistent correlation with values of the white matter skeleton at corresponding sites using tract-based spatial statistics 14 . ROI approaches are often used in clinical settings because they provide absolute quantification of MD and FA in selected regions without the need for substantial post-processing but they are labour intensive, prone to operator bias, and the volume and shape of the ROI can influence results [15] [16] [17] .
Probabilistic Neighbourhood Tractography (PNT) is an automatic segmentation method, which provides whole tract-averaged measures of FA and MD in major white matter fasciculi. This method, first described by Clayden et al 18, 19 , has been optimized for neonatal data 20 . It involves single seed point tractography to segment a tract of interest by modelling the length and shape variation of individual tracts compared with a pre-defined reference tract.
We aimed to compare FA and MD values measured from geometric ROIs with tract-averaged values obtained using PNT in the genu of the corpus callosum (gCC) and the CST. The secondary aim was to evaluate intra-rater variation in FA and MD values obtained by ROI placement within these tracts. 
Materials and methods

Participants
Diffusion MRI Data Processing
After conversion from DICOM to NIfTI-1 format, dMRI data were preprocessed using FSL tools (FMRIB, Oxford, UK; http://www.fmrib.ox.ac.uk).
This included brain extraction and removal of bulk infant motion and eddy current induced artifacts by registering subsequent diffusion-weighted volumes to the first T2-weighted EPI volume for each subject. Using DTIFIT, MD and FA volumes were generated for every subject. Underlying For PNT analysis, we used the method first described by Clayden et al 18, 19 and refined by Anblagan et al 20 
Statistical analysis
Pearson correlation was used to investigate the strength and direction of linear relationship between both FA and MD derived from ROI and PNT for each tract; correlation coefficient (r) values of 0.00-0.39, 0.40-0.59, and >0.6
were defined as weak, moderate and strong respectively, and p<0.05 was considered statistically significant. Bland-Altman statistics were used to investigate agreement between FA and MD values derived from ROI and tract-averaged approaches for each tract; the mean difference (95% limits of agreement) is reported. Intraclass correlation coefficient (ICC) was used to estimate intra-rater variability by a single observer who repeated ROI procedures on two occasions (S.A.S.) for each tract; strength of correlation was classified as weak, moderate and strong using the thresholds stated above. Statistical analyses were carried out using SPSS v21 (SPSS Inc., Chicago, USA).
Results
Participants
The study group consisted of 81 neonates (41 female, 40 male) of which 15
were born at term. Participants underwent MRI at term equivalent age, and characteristics are shown in Table 1 .
Tract-averaged versus region-of-interest measurements for genu of corpus callosum and corticospinal tracts
FA and MD values generated from PNT and ROI placement in gCC and left and right CST are shown in Table 2 
Intra-rater agreement for region of interest measurements
Intraclass correlation for intra-rater variation in ROI measurements of FA and MD was moderate to strong across all tracts (ICC 0.56-0.94, p<0.001 for all), included the possibility of no difference.
Discussion
The We found that intra-observer agreement of FA and MD values obtained by manual ROI placement in gCC and PLICs was high, which is consistent with agreement studies reported in the literature 17 for these specific structures.
However, ROI analysis is a subjective method and variation in measurements may be explained by slice choice and manual ROI placement. Angulation between slices may alter tract volume and ROI placement close to the edge of a tract may capture CSF or grey matter, which have different FA and MD values to white matter structures 39 . Therefore, ROI analysis requires an operator with experience in neonatal neuroanatomy to maximize the validity of results, and difficulties ensuring accurate placement of ROIs within white matter networks limits application of this approach.
The study has some limitations. First, we studied ROI versus tract-averaged agreement of FA and MD values in 3 major tracts because ROI placement was accurate and consistent for these tracts. Further work using high resolution DTI and rigorous protocols for consistent ROI placement would be required to determine whether ROI measurements achieve better representation of whole tracts in other neural systems. Second, we did not include specific myelin related imaging protocols such as magnetization transfer ratio 26, 40 or myelin water fraction 41 , or methods for resolving multiple fiber orientations within voxels. In future work the use of these imaging techniques may be informative for understanding sources of within-tract variation in microstructure and, by inference, maturation observed in this study.
Conclusions
In 
